Background: Hepatocellular carcinoma (HCC) is a frequent type of primary liver cancer, and its prevalence is increasing worldwide. Indeed, the underlying molecular mechanism is not well understood. Previous studies have shown evidence that tight junction (TJ) components were correlated with carcinogenesis and tumor development. Our aims were to determine the serum levels of tight junction protein Zonula Occludens (ZO)-1 and an inflammatory marker such as high-sensitive C-reactive protein (hs-CRP) in HCC patients compared to healthy volunteers and also to identify the association between ZO-1 and inflammation in HCC. Methods: Thirty HCC patients and 30 healthy volunteers were recruited in the current study. Clinical data regarding child class, BCLC staging, the number of lesions, tumor size, absence or presence of metastasis, cirrhosis and hepatitis infection were also collected in HCC patients. Plasma ZO-1 and serum hsCRP were analyzed by EIA and ELISA respectively and biochemical parameters by autoanalyser (AU680 Beckman Coulter, USA). Furthermore, hepatic ZO-1 protein expression and tissue localization were examined. Results: Compared to healthy individuals, the serum levels of bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT) and alkaline phosphatase (ALP) were elevated significantly (P < 0.0001) whilst serum albumin level was significantly (P < 0.0001) decreased in HCC patients. Furthermore, tight junction protein ZO-1 concentration was significantly elevated in HCC patients compared to control subjects (648 ± 183.8 vs. 396.4 ± 135.8 pg/ml, respectively; P < 0.0001). Serum hsCRP level was also significantly increased in HCC patients compared to control subjects (17.25 ± 3.57 vs. 5.54 ± 2.62 mg/L, respectively; P < 0.0001). Moreover, decreased protein expression of ZO-1 was found in liver tissue obtained from HCC patients. Conclusion: Our findings show for the first time that the systemic concentration of ZO-1 was significantly elevated in HCC patients and is positively correlated with inflammatory markers. Thus, the current study showing evidence that inflammation promotes plasma ZO-1 concentration and raises the possibility that it could be used as a potential diagnostic biomarker for HCC progression.
Background
Hepatocellular carcinoma (HCC) is the fifth most common primary liver cancer causing more than half a million deaths annually worldwide [1] . HCC progression is alarming in Asia, where hepatitis B virus infection is endemic [2, 3] . It is a complex disease with a poor prognosis, whose pathogenesis is poorly understood. HCC occurrence and mortality rates are increasing in many regions around the globe, specifying a need for the better cure. The most common risk factor for HCC is cirrhosis because of chronic heavy alcohol consumption [4] , chronic hepatitis B and C virus infections [1, 3, 5] . Furthermore, inflammation also a key player involved in HCC development [6] . Diabetes [7] , cigarette smoking [8] and long-term use of oral contraceptives also appear to be independent risk factors for HCC [8] .
The contribution of inflammation to carcinogenesis has received major attention in hepatocarcinogenesis [9, 10] . Epidemiological evidence also suggests that up to 25% of all cancers are due to chronic low-grade inflammation or infection [10, 11] . Most HCC develops in the cirrhotic liver after prolonged inflammation, supporting the hypothesis that inflammation contributes to cancer development [12] . In this context, many published literature has shown evidence that alcohol abuse and hepatitis viral infections lead to chronic inflammation of the liver and are responsible for the progression of HCC worldwide [1, 3, 10, 11] . Moreover, 90% of HCC patients have a natural history of unresolved inflammation [11] . Hence, such considerations are extremely relevant in the design of new preventive approaches to the reduction of cancer risk. Furthermore, the treatment options for HCC have improved indeed; precise diagnostic or prognostic biomarkers are still lacking for the management of HCC.
Tight junctions (TJ) are not only a barrier but also function as a fence to restrict molecules across different cell types of the body based on the charge and size [13] . Furthermore, TJ of hepatocytes play an essential role in the blood-biliary barrier [14] . Zonula occludens 1 (ZO1) is a first tight junction phosphoprotein identified with the molecular weight of 210-225 kDa. ZO-1 appeared in the submembranous domain of tight junction in epithelia and endothelia [15, 16] , binds to actin and the integral tight junction proteins occludin and claudins and junctional adhesion molecule (JAM) [16] . Diminished ZO-1 expression was found in many cancers and may closely associate with patient prognosis [17] [18] [19] . Indeed, the blood concentration of ZO-1 and its correlation with inflammation in HCC remains unknown. The aim of the current study was to analyze blood ZO-1 concentration and its association with an inflammatory marker such as hsCRP in HCC cases and control subjects.
Methods
This study was a case control study, conducted in the Departments of Biochemistry and Surgical Gastroenterology, Jawaharlal Institute of Post Graduate Medical Education and Research (JIPMER) from March 2014 to March 2016 after obtaining approval from the Institute Ethics Committee (Human Studies) based on Ethical Guidelines of the Helsinki Declaration of 1975, as revised in 1983. Before recruitment, all the study participants were given written informed consent concerning the background and procedure of this study.
Study participants
We had recruited both male and female aged 18-75 years, who were admitted in the Department of Surgical Gastroenterology, JIPMER. They were diagnosed as HCC (n = 30) based on the histological, radiological findings by Ultrasonography (USG), Magnetic Resonance Imaging (MRI), Computed Tomography (CT), or raised α-fetoprotein (AFP) levels. The majority of the HCC patients were verified by tumor biopsy or USG guided Fine Needle Aspiration Cytology (FNAC) as per European Association for the Study of the Liver (EASL) diagnostic criteria. Tissue blocks were taken from surgically removed liver tumors of HCC patients and surrounding nontumorous liver tissues of HCC patients (histologically proven control). Histological and cytological diagnoses of HCC had confirmed by the pathologist, Department of Pathology, JIPMER. Radiological tumor characteristics (Number of Lesions, Tumor size, extrahepatic metastasis) had derived from diagnostic CT or MRI scan which was evaluated by the Radiologist. Disease severity was assessed by Child-Pugh score, and HCC severity was staged according to the Barcelona Clinic Liver Cancer (BCLC) staging system. Age and gender matched healthy volunteer who were physically and mentally normal with normal liver function tests and without the history of recent infections or any tumor were included as controls (n = 30).
Sample collection
5 ml of blood sample was collected from all the HCC patients and the control subjects in heparinized or EDTA coated tube. Blood was spun at 3500 rpm for 10 min at standard room temperature. Serum or plasma was separated and routine biochemistry tests were done immediately and the remaining samples (serum or plasma) were stored at − 80°C deep freezer for ZO-1 and hsCRP measurements.
Immunohistochemistry
HCC liver and surrounding non-tumorous liver tissues of HCC patients were fixed in 10% buffered formalin and embedded in paraffin. Three to five micrometer thick sections were stained with hematoxylin for 10 min and with eosin for 1 min to establish the diagnosis and select areas for immunohistochemistry. Silane coated tissue slides were used for immunohistochemistry. ZO-1 was detected by immunohistochemistry using rabbit polyclonal antibody against ZO-1 (ThermoFisher Scientific, USA). Deparafinized sections were blocked for endogenous peroxidase activity with 10% H 2 O 2 in phosphate buffer for 10 min. Antigen retrieval was performed using citrate buffer in Decloaking system at 110°C for 10 min. Primary antibodies were used in dilution of 1:100 and incubated at room temperature for 1Hr. To exclude nonspecific binding, negative controls were incubated with secondary antibody only. Immunostaining was examined in noncancerous and HCC liver tissues using Evos FLc cell imaging system (Life technologies, USA).
Analysis of clinical parameters
Biochemical parameters such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), albumin, total protein and bilirubin concentrations were measured by AU680 Beckman Coulter autoanalyser, USA. Serum AFP level was measured by Chemiluminicsence using ADVIA Centaur CP immunoassay system (Siemens) at the time of diagnosis.
Measurement of high-sensitive C reactive protein
Inflammatory marker such as hs-CRP concentration was analysed by ELISA using a commercially available kit from CALBIOTECH, USA.
Measurement of zonula occludens 1
Plasma ZO-1 concentration was analysed by ELISA using a commercially available kit from CUSABIO USA.
Western blot analysis
Freshly collected liver tissue from HCC and noncancerous control was snap frozen immediately in liquid nitrogen. Tissues were homogenized in ice-cold TRIS-EDTA buffer (PH 7.4) with protease inhibitors (Sigma-Aldrich, USA). Protein was estimated by Bradford method using Pierce BCA protein assay kit (Thermo Fisher scientific, USA).. Equal amounts of protein extract were denatured and separated on 4-12% NuPAGE Bis-Tris Gels and transferred on to PVDF membranes (Invitrogen, UK), which were then probed with rabbit anti-ZO-1 (ThermoFisher Scientific, USA) and rabbit anti-β-actin (abcam, USA) with HRP-conjugated secondary antibody. The bands were visualized using an enhanced ECL detection kit (Amersham, UK) and quantified by densitometry.
Statistical analysis
Statistical analysis was performed using GraphPad Prism 6.0 (SanDiego, CA) and STATA version 11.0. Normality of data was tested using D' Agostino & Pearson omnibus normality test. Qualitative variables are presented as number and percentage while quantitative variables are presented as Mean ± SD and Median (Interquartile Range [IQR]) for normal and abnormal distribution respectively. For a comparison between cases and controls, two-tailed unpaired t-tests or a Mann-Whitney test were used wherever appropriate. For more than two groups one-way ANOVA or Kruskal-Wallis test was used. Spearman's correlation was done to assess the correlation between different parameters. P < 0.05 was considered as statistical significance.
Results

Baseline clinical and tumor characteristics
Clinical and radiological characteristics of HCC patients enrolled in this study were presented in Table 1 . Disease severity was characterized in HCC patients and was found to be distributed as Child-Pugh class A (30%), B (40%) and C (30%). According to BCLC staging, HCC patients were classified as stage A (0%), stage B (50%), stage C (20%) and stage D (30%). Among HCC patients, 57% of population had single lesion, 23% had two lesions, 6% had three lesions and 13% had multifocal lesions. 23% population had tumor size ≤5 cm and 77% of them had tumor size > 5 cm among total HCC patients enrolled. Metastasis was present in 27% cases and was absent in majority of the cases (73%). Among total HCC cases recruited,~77% of them got cirrhosis and was absent in 23% cases. 50% of HCC cases had no hepatitis infection, 33% were HBs Ag positive and 17% were HCV positive. 27% of HCC patients had AFP level ≤ 15 (ng/ ml) while 73% of population had > 15 (ng/ml).
General biochemical parameters in healthy volunteers and HCC patients
Age, gender and serum liver function test parameters in healthy volunteers and HCC patients were given in Table 2 . The median age of controls were 55.0 (48.75-58. 00) years and HCC patients were 56.50 (50.75-62.00) years, which were not found to be statistically significant (P = 0.213). The male and female ratio was 20/10 in both controls and HCC patients. The serum total and direct bilirubin concentrations were significantly (p < 0.0001 for both) higher in HCC patients compared to controls. Furthermore, the observed hepatic marker enzymes such as AST, ALT, γGT and ALP concentrations were significantly (p < 0.0001) increased in HCC patients whilst serum total protein and albumin concentrations were significantly decreased (p = 0.01 and p < 0.0001, respectively) when compared to healthy volunteers.
Correlation of ZO-1 with disease severity in HCC patients Table 3 shows the correlation between plasma ZO-1 and HCC progression. There was a significant positive correlation between ZO-1 and child-Pugh class (r = 0.787 with P < 0.0001) in HCC patients. We also found significant positive correlation for ZO-1 with BCLC staging in HCC patients (r = 0.786 with P < 0.0001). Similarly, number of lesions and tumor size showing significant positive correlation between ZO-1 and HCC severity (r = 0.697, P < 0.0001; r = 0.561, P = 0.0029, respectively). Table 4 shows the correlation between serum hsCRP and HCC severity. There were no significant positive correlation between hsCRP with child-Pugh class or BCLC staging, however, there were significant positive correlation between serum hsCRP and number of lesions and tumor size in HCC patients (r = 0.3989, P = 0.0435; r = 0.4469, P = 0.0221, respectively).
Correlation of hsCRP with disease severity in HCC patients
Blood ZO-1 concentration in healthy controls and HCC patients
Compared to normal healthy volunteers, the plasma concentration of ZO-1 was significantly (p < 0.0001) elevated in HCC patients (Fig. 1a) . Furthermore, we analysed increased ZO-1 concentration with HCC severity (Fig. 1b&c) . According to Child-Pugh class, ZO-1 levels were increased with HCC progression [Child-Pugh class A (490.1 ± 133.5), Child-Pugh class B (591.5 ± 122.3) and Child-Pugh class C (835.3 ± 100.4)]. Plasma ZO-1 concentration was significantly increased in Child-Pugh class C patients when compared to both classes A&B patients (P < 0.001 for both), however no significant difference between Child-Pugh classes A&B were observed. We also analysed ZO-1 concentration based on the BCLC staging classification and found that significantly increased plasma ZO-1 levels in stage D HCC patients when compared to stages B and C patients (P < 0.0001 and P < 0.01, respectively). Furthermore, no statistical significant difference of ZO-1 levels found between stage B and stage C patients (Fig. 1c) .
Blood hsCRP concentration in healthy controls and HCC patients
Compared to healthy volunteers, the serum hsCRP levels were significantly (p < 0.0001) elevated in HCC patients (Fig. 2a) . We also analysed increased serum hsCRP concentration with HCC severity (Fig. 2b&c) . According to Child-Pugh classification, the observed hsCRP levels were increased with HCC progression (Fig. 2b) . When compared to child-Pugh class A, hsCRP levels were significantly increased in child-Pugh classes B&C patients (P < 0.01 for both) however, no significant difference between Child-Pugh classes B&C were observed. Furthermore, hsCRP concentration was analysed with BCLC staging classification, and found no statistical significant difference among stages B, C and D patients (Fig. 2c) .
Correlation between increased ZO-1 and hsCRP concentrations in HCC patients
The correlation between systemic ZO-1 and hsCRP in HCC patients was shown in Fig. 3 . A statistically BCLC Barcelona Clinic Liver Cancer, AFP alpha-fetoprotein significant positive correlation was found between elevated levels of plasma ZO-1 and serum hsCRP (r = 0.47 and p < 0.01). However, no association was found between ZO-1 and other clinicopathological parameters.
Receiver operator characteristics curve analysis of ZO-1 and hs-CRP in HCC patients Table 5 and Fig. 4 show the ROC curve analysis of both ZO-1 and hsCRP in HCC patients. ZO-1 at cut off of 472.99 pg/ml had 76.92% sensitivity and 80% specificity. 
Expression of ZO-1 in HCC liver and noncancerous liver specimen obtained from HCC patients
Hepatic expression of ZO-1 was analysed by western blotting (Fig. 5) . ZO-1 expression was increased significantly (p < 0.05) in noncancerous liver specimen (histologically proven control) obtained from HCC patients compared to HCC liver obtained form the same patients. Moreover, immunohistochemical study show that ZO-1 cellular expression is completely absent in HCC liver (Fig. 6a ) whereas noncancerous liver specimen (histologically proven control) obtained from HCC patients showed a positive spot and strongly appeared on bile canaliculi (Fig. 6b ).
Discussion
The results of this study demonstrated for the first time in HCC patients that increased blood levels of ZO-1 was correlated significantly with increased hsCRP concentrations observed in the same patient samples. Since ZO-1 is a first tight junction protein identified and its expression was shown to decrease in many cancers, including HCC [20] . In this regard, a very recent report indicates in HCC patients after hepatic resection that the low expression of ZO-1 was significantly associated with poor survival [21] . We found similar observation in HCC patient liver, which shows very faint ZO-1 expression compared to noncancerous liver tissue collected from the same HCC patients. Increased blood ZO-1 concentration observed in HCC further supports the hypothesis that decreased hepatic-intestinal barrier dysfunction with marked ZO-1 and other TJ protein disruptions. This finding is also consistent with a very recent study showing in ischemic reperfusion (I/R) injury model that low ZO-1 expression contributing to TJ disruption and increased gut permeability [22] following intestinal I/R insult. Further, it has been reported in response to proinflammatory cytokines, the expression of ZO-1 was reduced and redistributed away from the TJ upon increased intestinal permeability [22, 23] . TNF α a known proinflammatory cytokine was shown to inhibit the expression of ZO-1 through the mechanism involved in the triggering nuclear factor-κ B (NF-κB) thus, increased intestinal epithelial TJ permeability [22, 24] . Moreover, decreased intestinal TJ integrity, a key pathogenic feature involved in the progression of intestinal inflammation [13, 23] . Thus, we speculate the loss of TJ protein during HCC progression on the background of inflammation [20, 24] , consequently released in the circulation, perhaps increased plasma ZO-1 in observed in HCC patients. A growing body of literature showing evidence that a solid pathological association between chronic low-grade inflammation and carcinogenesis [25] . High sensitive CRP, an acute-phase reactant synthesized in the liver that is regulated by pro-inflammatory cytokines, primarily interleukin (IL) 6 [26] . It has been reported to be associated with a poor prognosis in patients with different types of cancer, which including HCC [26] . In this study, hsCRP was found to elevated in HCC patients when compared to healthy volunteers. In this context, the previous studies showing compelling evidence that systemic inflammation is known to associate with tumor development and poor survival in patients with HCC [3, 11] . In addition, a moderate increase of hsCRP showed to predict recurrence and survival in patients with early-stage HCC [27] . Further, it has been demonstrated that a novel prognostic scoring system, which includes the CRP level, predict overall survival in late-stage HCC following treatment with Sorafenib [28] . Shin et al., found that increased serum CRP concentration indicates poor prognosis in patients with HCC [29] . Also, increased immunoreactivity of CRP is considered a key feature of inflammatory hepatic adenomas with an increased risk of malignant transformation [29] . Furthermore, the ratio of hsCRP and albumin predicted outcomes in patients with HCC [30] and considered a novel inflammation-based prognostic score. We found decreased albumin concentrations in HCC patients compared to healthy control. However, there is no correlation between elevated hsCRP and lowered albumin levels in HCC.
Alpha-fetoprotein (AFP), a plasma glycoprotein synthesized during early fetal life by the liver and considered HCC specific marker [31] . However, in the current study we found only 73% of HCC patients had elevated (> 15 ng/mL) serum AFP level whilst 27% had normal (< 15 ng/mL) AFP level consistent with previous report showing that AFP was not an optimal marker for the early detection of HCC patients on the background of hepatitis C infection [32] . This may indicate lower diagnostic efficacy of AFP in HCC however; it needs to prove with larger sample size. Hepatic function markers such as total bilirubin, ALT, AST, ALP, and GGT are widely used in clinical diagnosis of hepatic dysfunction and damage [33] . Increased concentration found in many acute and chronic liver ailments and also associated with HCC progression [34] . In the current study, the plasma concentration of ALT, AST, ALP, GGT and total and direct bilirubin were significantly (p < 0.0001) elevated in HCC patients when compared to control subjects. Indeed, none of the parameters correlated with increased blood ZO-1 concentration. A previous study has shown evidence that AST, ALT, and GGT were elevated in 90% of diagnosed HCC patients whilst half of the patients also showed increased bilirubin or liverspecific ALP concentrations, indicating these are good pre-diagnostic markers of liver cancer [35] .
Conclusion
The current study identified elevated serum ZO-1 concentration in HCC patients for the first time, and this was positively correlated with increased hsCRP levels. Thus, our study showing evidence that inflammation promotes plasma ZO-1 concentration and raises the possibility that it could be used as a potential diagnostic biomarker for HCC progression. Moreover, diminished hepatic expression of ZO-1 found in HCC patients further confirms that targeting ZO-1 possibly provides a rational approach to the management of HCC and may serve as a marker for future molecular phenotyping of HCC.
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